The purpose of this study was to develop a staining pattern through tetrazolium test to evaluate seed viability of Parkia multijuga Benth (fava-arara-tucupi). The seeds were scarified, soaked into water and distilled for 48 hours for tegument removal and then immersed in a 0.05%; 0.1%; and 0.3% tetrazolium solution for 6; 18 and 24 hours at 35˚C, in the dark. The evaluation was performed on the basis of stain intensity and aspect of the tissues. Based on color patterns, the seed images were classified in eight viability classes. Those results were compared with the germination test in a laboratory. The treatment in concentration of 0.1% for 6 hours was considered adequate for the specie, considering the adequate staining and time for analysis.
Introduction
Parkia multijuga also known fava-arara-tucupi or pinho-cuiabano is a woody specie from the Central Amazon. It is found in both solid ground and high floodplain argillic soil [1] . It presents a moderate annual production of viable seeds [2] with physical dormancy imposed by a hard and waterproof tegument [1] [3] . However, observation of its seed quality must be considered. [4] shows that only 35 days are required to obtain the final count of the germination test for this specie, which can be regarded as a long period. That result influences on decision making concerning the use of seeds for storage, commercialization, and The use of high quality seeds which is essential for the success of the introduction of any culture and forest operations also depends on seedling quality and the consequent success of a reforestation program. To achieve this, there are internal quality control programs developed by seed companies that aim for fast and efficient tests to determine the viability of seed lots.
Tetrazolium test permits to make a fast viability determination of dormant, recalcitrant seeds, and of those that germinate slowly during routine tests [5] . It also evaluates seed vigor and contributes to the identification of factors that influence seed quality such as mechanical damages, drying, insects, and deterioration caused by humidity [6] .
The data obtained through this test can be used to establish basis for commercialization, determination of harvest point and quality control during storage [7] . The test permits a rapid viability determination, in less than 24 hours [8] .
This method is widely used for agricultural species, and has been improved for forest plant species and been used mainly for seed tests of Mauritia flexuosa [9] , Senna multijuga and Senna macranthera [10] , Peltophorum dubium [11] , Eremanthus elaenagnus Less (Mart. Ex. DC.) Schultz-Bip, Eremanthus glomerulantus Less and Eremanthus incanus [12] and Tabebuia aurea [13] .
Pre-soaking and incubation time, concentration of tetrazolium salt solution and the adequate test evaluation are fundamental to obtain reliable results concerning viability and vigor [11] [14] . To facilitate absorbance of tetrazolium salt solution, pre-soaking is necessary and recommended for some species. If the seed coat prevents soaking the seed may require manual scarification or perforation [5] . The efficiency of this test to evaluate seed viability depends on the method adapted for each species to define the appropriate conditions for hydration, preparation, staining and seed evaluation [15] .
The objective of the study was to establish a proper procedure for conducting tetrazolium test in seeds of Parkia multijuga.
Material and Methods
The Parkia multijuga seeds used for this experiment came from 12 matrices col- with water replacements. Next, the seed teguments were removed and the embryos placed in tetrazolium solution pH 6.5 [5] . One hundred (100) seeds were used, subdivided into for repetitions containing 25 seeds each. 
Tetrazolium Test
One hundred (100) seeds were used for the tetrazolium test subdivided into four repetitions of 25 each. The concentrations of the tested solution were 0.05%, 0.1% and 0.3%, where the embryos were immersed into 400 mL of solution for each repetition, kept in disposable plastic cups at 35˚C, in the dark for 6, 18 and 24 hours for the staining process [5] [16] .
After those periods the seeds were removed from the solutions and washed into distilled water and kept submerged until evaluation. The embryos were sectioned longitudinally using a stylus, among the cotyledons, evaluating staining intensity, presence of white milky areas, aspects of the tissues and staining location in relation to the cotyledons and embryonic axis.
To interpret the results, each embryo was analyzed and classified separately according to staining, forming different viability classes. To characterize the levels of viability, it was observed the presence and location of damage in the embryonic structures in each class.
Differentiation of tissue colors was done according to patterns proposed by [11] [17] [18] [19] [20] for several agricultural and forest species, after that, the eight classes of viability were determined. The viability was expressed in percentages of viable seeds in the different classes. The tetrazolium test result was compared with the germination test.
Germination Test
Due to the tegument hardness, the seeds were subjected to pre-germination treatment to break their dormancy. The procedure used was scarification with
No. 180 sandpaper. Immediately after, the seeds were submerged into distilled water for 48 hours. Subsequently, they were washed with sodium hypochlorite solution at 1% for 5 minutes, and placed to germinate in "Germitest" paper towel moistened to 2.5 times the paper weight following procedures set by the Rules for Seed Analyses [5] . Sixty (60) seeds were distributed in four repetitions of 15 seeds each. Due to the size of the seeds, each repetition was subdivided into two samples, with eight and seven seeds respectively.
The test was conducted at constant temperature of 30˚C and 12 hours of light using 20W fluorescent lamps in BOD. The evaluations were performed daily until stabilization of the germination process, being considered germinated those seeds with radicle protrusion measuring approximately 5mm.
Statistical Analysis
The experiment was conducted in a completely randomized design with a 3 × 3 factorial arrangement (three concentrations in three times) with four repetitions.
The data obtained from the tetrazolium and germination tests were transformed in arcsen. in (1) , and subjected to analysis of variance. The means compared by the Dunnet test was at 5% probability, using the BioEstat software [21] . 
Results
During the tests the seeds from P. multijuga lot had 10% water content. They also presented 90% of germination, and 80% of them formed normal seedlings.
The results expressed the viability of the seeds in concentrations 0.05 % for 6 and 24 hours and 0.1% and 0.3% for 6, 18 and 24 hours, because they did not differ significantly from the germination test (Table 1) . However, when the seeds were submerged in 0.05% solution for 18 hours, there was a significant difference (p ≤ 0.05) from the germination test in the intense-red staining of the embryonic axis indicating tissue decay. For this concentration, the viability of the seeds was overestimated by the tetrazolium test, probably caused by microorganisms found in the lot, considering that the tetrazolium test does not detect the presence of pathogens that may cause a decline in the germination test [22] .
The results from the tetrazolium test are presented on Table 1 and compared with the percentage of germination.
Means followed by the same capital letter in the columns do not differ between themselves by the Dunnete test (p < 0.05).
The embryo classification was divided in eight classes, between viable and unviable seeds, based on their staining intensity, aspect and strength of tissues.
They are presented on Figure 1 following the denominations below: Completely stained cotyledons. Tissues with normal and firm aspect.
Class 4 (Viable): more than 50% of cotyledons stained, and embryonic axis with pink stain. Tissues with normal and firm aspect. 
Discussion
During the tests, the P. multijuga lot under study presented 10% water content, while [23] , analyzing seeds from Parkia velutina lot found humidity degree of 11.3%. [24] states that water contents below 13% do not jeopardize the seed quality, allowing its storage for longer periods. P. multijuga seed tegument is very hard, which makes the intumescence process difficult. Nevertheless, the seeds were subjected to scarification, imbibition and removal of tegument, thus favoring penetration of tetrazolium solution and allowing a more uniform coloration of the structures, avoiding mechanical damages. This method was considered efficient because it does not cause mechanical damage to the embryo as shown on Figure 2 .
Seeds with thick and hard teguments must be removed before staining [17] , therefore, tegument removal has been suggested for several forest species, such as Parkia velutina Benoist [23] , Melanoxylon brauna Schot [20] , Schizolobium amazonicum [25] , Poecilanthe parviflora Bentham [6] , Anadenanthera peregrina [14] , Gleditschia amorphoides [26] .
Studies with forest and fruit tree species show that the period for germination standard test may be long, as is the case of Astrocaryum tucuma Mart. that may take as long as 180 days to germinate. [4] . [11] when analyzing Tabebuia serratifolia and Tabebuia impetiginosa seeds observed that the germination test finished in 28 days, however when the same seeds were submitted to tetrazolium test, the result took one day.
Tetrazolium test must represent the germination test, giving an approximate idea of germination for a certain lot of seeds [27] . The choice of an adequate methodology to use the tetrazolium test should be based on the facility to differentiate viable from non-viable tissues and its capability to differentiate lots with distinctive physiological quality [28] .
The seeds from classes 1 to 6 presented a uniform pink and/or red staining and normal, healthy and firm aspect (Figure 1) , staining was uniform indicating live and vigorous tissues. However, for classes 7 and 8 the cotyledon stains were intense red to brown, and embryonic axis intense red or non-stained. According to [29] , vigorous tissues tend to gradually and uniformly change color and, when embedded they become turgid. The occurrence of intense red is a characteristic of decaying tissues that permit a greater diffusion of tetrazolium solution, The absence of stains in white or yellowish flaccid tissues was observed in some studies with forest species such as: Parkia velutina Benoist [23] , Peltophorum dubium [11] , Copaifera langsdorffii and Schizolobium parahyba [30] , Gleditschia amorphoides Taub [25] . This pattern was not found in the lot of this study. It may occur, however it depends on how the seeds are stored and/or some situation of stress. White indicates dead tissues, without the necessary enzyme activity for production of de triphenyl formazan [16] .
According to [11] during the tetrazolium test only the embryo is evaluated. It does not consider the influence of external structures of the seeds in germination test results, such as possible infestations with pathogens in the lots. Germination and tetrazolium test results should be close, with a difference margin of 5% between them [10] .
As for staining in the embryonic axis of the seeds in different concentrations analyzed, stains were pink or red in vigorous tissues for concentrations of 0.05% (6 and 24 hours), and 0.3% (6.18 and 24 hours), which allowed a sharpen staining of the embryos, when compared to concentration of 0.05% (18 hours), although for this concentration, the cotyledons produced a more intense stain
showing an aspect of decay (Table 1) .
Studies done by [13] showed that tetrazolium test was efficient for estimating the viability of S. gardneriana seeds for concentration of 0.075% for six hours, at 35˚C as the best condition. In Araucaria angustifolia seeds, the test efficiency and rapidity occurs through embryo excision and direct immersion in tetrazolium solution, in the following combinations of concentration, period and temperature: 0.5% for 2 hours at 30˚C, 0.075% for 4 hours at 40˚C or 0.5% for 2 hours at 40˚C, allowing classification of seeds into two distinct groups, viable and non-viable groups [31] .
Among the viability results for P. multijuga seeds, the ones considered the most suitable for germination test was the concentration of 0.05% for 6 and 24 hours with equivalence in the outcomes of this treatment with the germination test in terms of adequate embryo staining for better visualization. However, for a 6 hour period, the treatment resulted in a very poor visualization pattern, not adequate for a good interpretation of the test, which can lead to error during the analysis. For the 24 hour period, the staining pattern was adequate, however considering that one of the principles of the tetrazolium test is to verify the viability of seed lots in the shortest time possible, this treatment was not considered the ideal test.
The attainment of a uniform and adequate staining for a safe and efficient interpretation is also a factor of great importance for the successful use of the test on a particular species [32] . However, the concentration of 0.1% for 6 hours, provided a good staining for visualization of embryo viability in Parkia multijuga seeds combining these two very important characteristics in tetrazolium test, saving of test reagent and speed of analysis.
Conclusion
Concentration of 0.1% of tetrazolium solution for 6 hours permits to evaluate the quality P. multijuga seed lots.
